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Introduction

1
Reducing energy demand in buildings requires an integrative and holistic approach to all aspects affecting energy 2 performance, whilst ensuring comfortable healthy conditions for occupants, and within the context of the local climate.
3
Achieving a low or zero carbon building is a combination of reducing energy demand and providing energy supply from 4 renewable sources. In many cases it may not be feasible to provide a totally zero carbon building, and the concept of a 5 low carbon building might be currently more appropriate to provide a bridge to eventually achieving zero carbon 6 performance within acceptable costs. This paper discusses the process of arriving at a low energy, low to zero carbon 7 building design, using an office building type as an example. The paper takes as a baseline, typical European design 8 standards and techniques, based on buildings that the authors have worked on. It then applies the same standards to China 9 (Chongqing) and UAE (Abu Dhabi) in order to explore how these standards would compare under different climatic 10 conditions. The paper discusses how energy demand can be reduced, and then how low carbon performance can be 11 achieved through the additional application of renewable energy. The paper discusses the need for energy storage, if the 12 renewable supply is building integrated, although in many cases energy exchange with the grid is often used in practice 13 to achieve a 'carbon neutral' building.
15
Low Carbon Design
16
A number of design models have been suggested to help achieve low energy and low carbon design. They generally focus 17 on the elements of design as well as the design process. One example, using an integrated design process was developed 27 engineering is integrated into the design process, a Synthesis Phase, to produce the building's final form, and finally, a
28
Presentation phase, where the project is clearly described for the building owner. The system developed by K. Steemers,
29
Cambridge University, the UK, 2005, assesses the interrelationships and levels of integration of design parameters for low energy design in an urban context. It raises awareness of a range of environmental and design parameters rather than 31 a rigid process, relating to the principles of low energy design. This is followed by steps for developing the pre-design 32 context, the building design, and then the building services (IEA, 2006) , with each phase broken down into aspects and 33 sub categories. P. Jones, at Cardiff University developed an approach (Jones and Wang 2007) , beginning with climate 34 data to help define the design objectives, then to passive design strategies, from site planning, building form to building 35 fabric, followed by energy efficient building services, with renewable energy systems used to supply energy required by 36 the building systems (Figure 1 ). Also considered are waste associated with construction materials and products used, as 37 well as waste generated in the process. Although there is no diagrammatic description of its links with process, the 38 intention is that it is referred to at all stages, from concept through to detailed design.
40 41
The above design systems can be simplified for low to zero carbon design to include four steps, reducing energy demand, 42 passive design, mechanical systems, and the renewable energy supply (Fig.2 ). In common with the above design systems, 43 this simplified approach should be holistic, applied from the early concept stages of design, and tested through analysis 44 simulation. The use of simulation should be to inform the design process, rather than dictate it, and therefore it should be 45 carried out at early design stages. The four areas of the design process (Fig 2) are used as a basis for discussion in the 46 following sections, with specific reference to office design. The discussion draws from experience of providing building 47 physics advice to many design projects in Switzerland (in collaboration with Kopitsis Bauphysik Ag). This is followed 48 by an example of building simulation of a typical office development in three different climate locations. 
52
The first step in any low energy design should be to reduce the electrical energy loads in the space, from lighting, small 53 power (plug loads) and any other incidental energy use. This will have the added benefit of reducing the cooling load 54 demand needed to exhaust the heat gains from this equipment. In locations requiring heating, these incidental heat gains 55 can prove useful in meeting the space heating demand. However, for most modern office designs there is little space-56 heating requirement, and so these heat gains are not always useful. In many cases, even in cold weather, after initial warm 57 up in the morning, active space-heating is not required. has external vertical diffuse glass blinds that move to accept daylight but control the sun (Jones, P. J. and Kopitsis, K. 80 2005). Ta-Media, also located in Zurich, has horizontal diffuse glass external blinds ( Fig.4b) , which are lowered when 81 the solar radiation exceeds a specified value. The Hannover EXPO HQ has inter-pane blinds (Fig.4c) . In general blinds 82 located on the outside perform best in terms of reducing solar gains, although they may prove more difficult to maintain.
83
Blinds located on the inside, and to some extent mid-pane blinds, generally do not perform as well because the solar heat 84 gains have already entered the construction and will result in some level of heating the internal surface of the glazing/blind 85 system. In general, the 'rule of thumb' adopted by the authors through design experience, is that the inside glass or blind 
126
The combination of the above design approach can result in: lower fan power due to the lower rate of mechanical air If the above low energy design process has been followed, then the energy demand for the building will be considerably 137 reduced, making it potentially easier to supply the remaining energy from 'active' renewable energy systems, for both (Fig.8b) .
158
The direct availability of renewable energy is usually dependent on the prevailing conditions, for example, solar and wind.
159
So, unless some form of local storage is available, the grid will be needed to provide energy when renewable energy is 
168
There is an increasing interest in energy storage systems, both thermal and electrical, to provide short and long term 169 storage so that grid two-way flow is not needed. Grid back-up may still be desirable, for periods when there is no 170 renewable energy supply and the storage has been exhausted. In some countries, exporting electricity into the grid is not 171 allowed, so two-way flow is not applicable. 
175
but to achieve a zero carbon building will require some means of energy storage. Table 2. 202 a) The building is only used during workday, namely from Monday to Friday;
177
b) The occupancy profile is set as: 09:00-13:00 100% occupied; 13:00-14:00 100% occupied; 14:00-18:00 100% occupied, which refers to the typical condition in Switzerland. is warm but often overcast with relatively low levels of direct solar radiation.
205
211
The simulation was carried out using the dynamic building energy model, HTB2, which has been developed at the Welsh 
219
and heated and cooled using a heat pump. A constant outside air supply has been assumed for the mechanical ventilation 220 system. The main focus of this paper is on the energy demand, as described in figure 7 above.
222
The results from the simulation for the monthly energy supply are presented in Fig.12 . Figure 13 presents The International Conference in Sustainable Development in Building and Environment, Chongqing, China 25-28 October 2013
A holistic systems approach to zero-carbon building design can therefore lead to reduced carbon emissions. The actual 272 reduction in emissions will be related to the carbon content of the local grid as expressed through carbon emission factors.
273
There are wide variations of carbon emission factors across the three locations, from 0.03kg/kWh in Zurich, to 274 0.76kg/kWh in Chongqing. The implication is that zero carbon design may be most beneficial in countries with a high 275 carbon content supply grid.
277
There is also the potential for construction cost savings if an integrated 'buildings as power stations' approach is applied, 278 using the renewable energy systems as construction elements, such as for the wall and roof, and offsetting increased fabric 279 and renewable energy system costs with reduced system sizing for heating, cooling and ventilation. The relationship 280 between energy costs and construction costs is a subject for further research.
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